However, the final failure of the composite is governed by the stress in the 0°fibers.
Increased exposure at elevated temperature could also produce more reaction between the fiber and the matrix, lowering the smile strength in [7] and fatigue resistance as in [8] .
Therefore, the stress (strain) in the 0°fiber stress plays a major role in fatigue strength of TMCs and could be used as a basis for development of life prediction methodologies.
Material and Test Specimens
The material used in this study was SCS-6/Timetal-21S which was fabricated into a 
Generic H .vpersoni_ Profilg
The generic hypersonic flight prof'de used in this study is shown in Figure 4 . All TMF tests were conducted using this flight profde or its portions as shown in Figure 5 
Analytical Method
A two dimensional micromechanical model, VISCOPLY, was used to predict the stress- Since Mission I resulted in fatigue failure, critical portions of Mission I were examined.
As indicated in Figure 4b , Mission I contains a load portion (designated as d-e-f) which is in-phase with the applied temperature at the maximum temperature of 816°C and occurs once every 25th flight. One TMF test was conducted on this isolated portion of Mission I as shown in Figure 5 )) is shown in Figure 13 . As before, the observed permanent strain as a result of flight cycling was incorporated into the VISCOPLY prediction.
As seen in the figure, VISCOPLY accurately predicted the observed experimental results.
The experimental stress-strain response and the VISCOPLY predictions of the fast five flights of a portion of Mission I (using the profile shown in Figure 5 (0) are shown in Figure 14 . As seen in the figure, the experimental stress-strain response stabilized quickly in the second cycle while the VISCOPLY prediction did not stabilize until the fifth flight.
As seen in the figure, the VISCOPLY predictions were in excellent agreement with the experimental stress-strain response ( the prediction took four flights to stabilize while the actual test took two flights).
Life Prediction Methodology
The VISCOPLY program was used to predict the stress in the 0°fiber for all the TMF proflies tested previously for the stabilized condition and the condition incorporating stress was then used for analysis of the fatigue data. Using a portion of Mission I proflie shown in Figure 5 (f), the VISCOPLY prediction of the stress-strain response stabilized after the fifth flight as shown in Figure  14 and the predicted 0°fiber stress after stabilization was used for the analysis of fatigue data.
The experimental stress-strain behavior indicated that the composite modulus gradually degraded with flights until failure. As was discussed earlier in the stress strain behavior section, comparisons of modulus histories suggest that the point where the modulus degrades at a faster rate appears to be the onset of 0°fiber failure. The unloading modulus at 427°C at this point (onset of 0°fiber failure) was found to be 120 GPa in all flight profiles tested. This implies that the damage in the composite, in the form of matrix cracks and fiber/matrix inteffacial cracks, has become saturated causing more load to be transferred to the 0°fibers leading to eventual failure at points of highly localized stress.
As was mentioned earlier, the fiber/matrix interface failure was modeled by reducing the fiber transverse modulus of the 90°plies. To simulate the matrix cracking, the matrix modulus was reduced in the VISCOPLY prediction. Figure 15 shows the VISCOPLY prediction of the composite modulus and stress in the 0°fiber as a function of percent retention of the matrix modulus at 427°C when the composite is loaded to 420 MPa. AS seen in the figure, reducing the matrix modulus lowers the composite modulus, resulting in higher stress in the 0°fibers. For all the profiles tested, the unloading modulus at 427°C was found to be about 120 GPa at the point where the modulus begins to decrease rapidly. The composite modulus of 120 GPa was used in Figure 15 to determine the proper reduction in the matrix modulus and was used in the VISCOPLY program to predict the stress-strain response. Figure 16 shows the stress-strain response of the composite after 200 flights where the unloading modulus was measured to be 120 GPa.
The VISCOPLY prediction simulating matrix cracking is also shown in the figure. In the prediction, the matrix modulus was reduced by the same magnitude at all temperatures as was determined for 427°C and the resulting prediction agreed well with the observed experimental results as seen in Figure 16 . Figure 17 shows the predicted 0°fiber stress as a function of time for the fhst five flights, stabilization, and subsequent prediction simulating matrix cracking. As seen in the figure, the maximum fiber stress increases with each subsequent flight. The increase in fiber stress is due to stress relaxation in the matrix followed by simulated matrix cracking and subsequent load transferal to the fibers as predicted by the VISCOPLY program.
The fatigue data were analyzed using the stress in the 0°fiber as described above. Three criterion were considered for analysis of fatigue data, maximum stress (t_m,_), stress range 
